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(71) We, Sandvikens Jernvbrks 
Aktiebolag. a Swedish Bodv Corporate of 
Sandviken. Sweden, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following sute- 
ment : — 

The present invention relates to a method 
of coating a sintered hard metal body con- 
sisting of metallic carbide bound with a 
binder metal with a carbide layer formed 
on the said body by deposition from a gas. 
The present invention is related to the in- 
vention disclosed in our co-pending Appli- 
cation No. 7615/70 (Serial No. 1.291.388) 
claiming the same priority date of the 21st 
February 1969. With the present invention 
It IS possible to provide the sintered hard 
metal body with a thin, extremely hard and 
wear-resistant carbide layer. 

It is known that surface layers coa<;jsting 
of carbides of one or some of the elements 
belonging to the 3rd up to and including 
the 6lh groups of the Periodic System can 
be appWed to metallic and other materials. 
Such layers, for instance consisting of TiC. 
may be applied to a metallic support or sub-' 
stratum by deposition at an elevated tem- 
peraturc from a gaseous phase containing 
metal hahde, hydrocarbon and hydrogen. 

The above-mentioned process may for in- 
stance comprise titanium tetrachloride, meth- 
ane and hydrogen, and inter alia the follow- 
ing reactions are important: 

(1) Tia+CH,=riC-l-4 HQ 
C) CH,=C-I-2H. 

In order to avoid a precipitation of free 
caiton together with tiie carbides it is cus- 
tomary to use gas mixtures, which do not 
contain a greater part of volatile hydrocar- 
bon compounds than corresponds to the 
equilibrium of the reaction (2) at the pre- 
cipitation temDcralure, and in which not 
more, but preferably as much metal halide 
fn- • — — 



is included, as is equivalent with the volatile 
hydrocarbons (reaction 1). 

The reactions, which occur in the forma- 
tion of carbide layers on hard metals as 
substrata, have however not earlier been 
closely investigated and it has probably been 
assumed schematically that the process in 
general ought to follow the mentioned typo 
reaction, comprising gaseous metal haJidc 
and hydrogen and also hydrocarbon, for in- 
stance methane, as a carbon-providing 
medium The possibility of producing i 
carbide layer by reactions at which the hard 
meta substratum itself has been able to 
sup^y the nccesssary amount of carbon dur- 
mgtfie process has been considered seriously 

Ihe reason for this opinion was the ex- 
penence obtained from coaling of steel 
showing that ^eels containing elements which 
are normally included in hard metal like W 

iTmr^? u^^' same 
time had a high carbon content, were not 
able to provide carbon for forming, for in- 
stance, surface-coatings of TiQ because Ae 
carbon was firmly bound in the form of car- 
bides with the mentioned demeots of the 
steel. 

In practical use of carbide-coated haid 
metal bodies for instance in the field of chin 
cutting machining, there have up to now 
been obtamcd very unreliable results, which 
nas been a serious disadvantagcL 

Surprisingly it has now been found that 
under certam circumstances it Is possible to 
produce a carbide surface layer with ex- 
cellent properties in several respects on a 
hard metal substratum. 

According to this invention we provide a 
method of coating a sintered hard metal bodv 
conipnsmg metallic carbide bound with a 
binder metal the method comprising coat- 
ing the said body (A) with a iirbide layer 
(B) chosen from utanium carbide, niobium 
carbide, tantalum carijide. zirconium carbide, 
hafnium carbide, vanadium carbide and 
tungsten carbide, the said layer (B) beine 
formed on the said body (A) by conducting 
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a gas at devatcd temperature over the body 
(Aj, the said gas conlaining (i) one or more 
gaseous metal compounds corresponding to 
the compwition of the carbid: layer (B) re- 
5 quired aiid (ii) a content of carbon which is 
less than the amount required for carbide 
formation. The said bodv fA) contains 
one or more of WC. MoC CrC and 
optionally one or more of TiC TaC, NbC. 

10 VC ZrC HfC bound with one or more of 
Co. Ni. Fe. Cr. The said body (A) may 
also contain one or more of the bo rides, 
sflicidcs and/or nitrides of the metals W, 
Ti. Ta, Nb. Mo. &. V. Zr, Hf. Co. Ni. Fe. 

15 Preferably Ihe said content of carbon (a) 
is provided by hydrocarbon, and preferably 
some of the carbon required for the forma- 
tion of the carbide layer (B) is derived from 
the surface of the carbide body (A). 

20 Expediently, the said gas used in the 
method of this invention has a composition 
such that at most 40 percent preferably at 
most 20 percent, of the carbon required 
for the formation of the carbide layer (B) 

25 is derived from the said gas. This means 
that die body (A) will have to contribute 
nearly all of the carbon which is necessary 
for the carbide formation. In this case the 
reaction can for instance be illustrated by 

30 the chemical equation: 

C3) Tia,+2H,+C=TiC+4HCI. 

It has thus been possible to adapt and 
change the deposition process mentioned be- 
fore, which in itself is well-known, so that 

35 the chemical transformation mainlv proceeds 
accordinct to the reaction (3). although this 
from a thcrmo-dynamic point of view may 
seem less favourable than the reaction (1). 
That has been made possible, for instance 

40 by using suitably adjusted amounts of hydro- 
gen and metal halide whilst mainuining the 
before-mentioned carbon deficit in the 
gaseous phase. Thus, it is preferred diat the 
said gas should comprise metal halide. hyd- 

45 rogcn and hydrocarbon. An addition of 
eascous hydrocarbon to the metal halide 
hydrogen gas mixture entering reaction ves- 
sel should generally be entirely avoided. 
The hydrocarbon 'should not generally 

50 TiC and other carbides contribute to a de- 
creased speed of the diflusion-naturcd, wear- 
exceed 1% by volume and prefcrablv not 
exceed 0.5% by volume of the said gas. 
Under the circumstances, under which the 

55 reaction normally occurs, i.e. a temperature 
between 700—1 100^'C and a gas pressure be- 
tween 1—100 mm Hg. the volume of metal 
halide may be 0.01—0.04 of the volume of 
hydrogen, preferably more than 0.02 and 

60 less than 0.03 of the volume of hydrogen. 
The reaction time, the exact length of which 
is determined by the above-mentioned pro- 
cess-variables, is normally 1 — 6 hours de- 



pending inter alia on the desired thickness 
of the layer. In general a reaction time is 65 
used, which exceeds 2 hours and prefer- 
ably a: the most lasts up to 5 hours. 

Although the carbon in the hard mcul 
substratum is very firmly bound in form of 
carbides of metals e.g. the carbides of W, 70 
Ta. Nb, Ti and others, it is possible to 
regulate the process so that a thin inter- 
mediate layer of the hard metal is decarb- 
urizcd. This carbon diffuses to the surface 
and reacts with for instance the metal halide 75 
in question and hydrogen, forming the car- 
bide layer. It has been found very important 
for obtaining more uniform and better results 
in practical use that the above-mentioned 
decarburizcd intermediate layer should have 80 
a definite composition and extent 

Tliis has been made possible by the before- 
mentioned determining of the process vari- 
ables, also by determining the conditions of 
the composition, which the hard metal sup- 85 
port of the substratum has to fulfil 

Hard substances, which have been found 
to be suitablv active to act as carbon pro- 
viders, that IS carbides of W, Mo and/or 
Cr, must be included, preferably at contents 90 
of at least 10% by volume, more preferably 
over 35% by volume, WC preferably being 
included as a component 

The binder metal consists normally of Co, 
Ni and/or Fe, preferably Co, and may be 95 
included in the body (A) in contents of be- 
tween 2—30% by volume, preferably more 
than 5% and at most 25% by volume, for 
instance between 15—20% by volume. 

Other hard substances, which have been 100 
found generally to be too stable to give up 
carixm to any appreciable degree, as for 
instance carbides of Ti. Zr, Hf. Ta. Nb, and 
V, i.e. mainly carbides with so-called cubic 
crystal structure, may constitute the remain- 105 
der. 

The composition of the above-mentioned 
intermediate layer will gcnera11)j correspond 
to certain low carbon phases in the three 
component system W—to— C, in the first 110 
place so called eta-phase, usually written 
CojWiC an in Itself well-known structural 
constituent in the cemented carbide field. It 
has often been found advantageous to sub- 
stitute for Co in the mentioned phases en- 115 
lirely or partly Fe, Ni. and /or Cr. 

A noticeable dccarburization occurs to a 
depth of in general at least 20 ;im beneath 
the surface of the body (A), while the dis- 
tinctly marked relatively uniformly dc- 120 
vcloped intermediate layer, which consists 
e^ywnliallv of low carbon phases, has a thick- 
ness of the order of 1 — 12 /on. Preferably 
the thickness of the intermediate layer 
should, however, exceed 3 fim and in most 125 
cases be below 10 /on. 

Among the factors which contribute to the 
improved properties of the coated body pro- 
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duced according to the invention, may be 
pointed out the levelling of unfavourable 
differences in quality inside the substratum 
or body (A) and between the substratum 

5 or body (A) and carbide layer (B) for in- 
stance with regard to thermal expansion and 
mechanical strength. 

A further advantage is die exceptionally 
good bond between body (A) and (aver (B) 

10 (of so called mcullurgical tvpe) which is the 
result when the bef ore-men taoned low carbon 
phases are formed and grow simultaneously 
with a titanium carbide layer (B) on hard 
me:al (A). 

15 Another noteworthy advantage is the re- 
markable increase of haMness, due to the 
decarburizaiion in the substratum or body 
(A) immediately below the carbide surface 
layer, indicating for instance increased rc- 

20 sistunce to plastic deformation of the coated 
hard metal body. 

The precipitated surface layer (B). which 
should desirably be very diin. gcocrally be- 
tween 1—12 fim and often about 2—6 ^ra 

25 consists of extremely fine grained carbide, 
for instance TiC. NbC. and /or TaC 

It has been found very advantageous, if 
the carbide layer (B) is so composed that 
it is double-layered and consists of a par- 

30 ticularly fine-grained inner layer next to the 
body (A) and a somewhat more coarse 
grained growth region constituting an oirter 
layer at the surface of layer (B). The mean 
grain size of the said inner layer should 

35 desirably be 0.02— 0.15 ^^m and that of the 
growth region 0.2—0.4 ;im. As an example 
there may be mentioned a mean grain sjze 
of the inner layer of about 0.1 /im and that 
of the growth rc^on of about 0.3 /im. 

40 Coated bodies manufactured according to 
the invention are especially characterized in 
a very good and uniform quality in practical 
use. Among the reasons for this may be 
mentioned the improved adherence between 

45 layer (B) and body (A), the increased re- 
sistance against inter alia thermoshocks and 
mechanical impact stresses, and improved 
resistance of the body (A) against plastic 
deformation. 

50 Among the fields of application, where 
coated hard metal produced according to the 
invention has shown superior qualities com- 
pared to conventional hard metal may be 
mentioned tools and inserts for chip cutting 

55 machining, inserts and wear parts in rock 
drilling, cold- and hot-fornring tools includ- 
ing tools for wire, strip or tube drawing, 
shearing and pressing tools, sealing means for 
pumps and similar and wear parts of dif- 

60 ferent kinds. 

In a wider sense the quality improving 
effect, which a carbide coating has upon a 
hard metal body is based on metallurgical 
laws of partly complex nature. In certain 

65 fields of use. for example chip forming mach- 



ining. the favourable effect which may be 
obmined by an addition of TiC to nonnal 
hard metal of WC— Co-type is well known. 
Tic and other carbides cootribute to a de- 
creased speed of the diffusion-naUired, wear- 70 
causing reactions between hard metal insert 
and work piece during the cutting operation. 

An advajiuge of the product of die in- 
vention is that for instance a TiC layer 
deposited on the hard metal body serves as 75 
a so-called diffusion barrier, which prevents 
harmful wear reactions. At the same time 
the hard metal body maintains its original 
cxcdleiit strength properties. 

The following Example 1 illustrates the 80 
conditions under which sintered hard metal 
bodies fA) have been coated with a layer 
(D) of TiC in accordance with an embodi- 
ment of the invention. 

Example 1 35 

Coating took place in a retort, i.e. a re- 
action vessel of a type known in itself, per- 
mitting evacuation, tiirou^ow of gas and 
heating up to high temperature. 

Body (A): 1000 pieces of precision- 90 
ground narxl metal inserts, intended for cut- 
ting. Hard metal grade containing 40^.^ bv 
volume WC, 15% by volume Co and 45% 
by volume cubic carbides in form of TiC 
TaC and NbC ^ 95 

Coining: The hard metal inserts were 
placed in the retort, whereupon a gas with 
?f % volume): 97 

u ^* ^ passed throu^ the 

charge. The gas pressure was 20 mm Hg 100 
and tile incoming gas flow 760 NcmVmiiL 
The reaction took place at 875*C and the 
coating obtained tiie desired tiiickness after 
2.5 hours to orovide layer (B). 

Result of the coaiing: The mctallographic 105 
and physical examinations showed that the 
surface layer of TiC was unifomly de- 
veloped witii a compact pore free structure 
and a tiiickness of about 4 pan. Nearest the 
body (A) was observed an inner more fine 110 
gramed r^on witii a grain size of about 
0.09 urn. The outer region had a grain size 
of about 0.3 iisxi. 

The intermediate Uyer bordering on tiie 
TjC-Iayer on tiie body (A) showed a uni- 115 
formily dccarburizcd zone with a tiiickness 
of about 7 ^m. W— Co-C-phases tiiat were 
present consisted mainjy of eta-phase, but 
also some otiier phases were observed 

The following Example 2 shows tiie great 120 
miprovcments, which can be obtained by tiie 
product of tiie invention. Comparison has 
here been made in tiie field of cutting be- 
tween inserts coated witii a TiC-layer ac- 
cording to tiie invention, inserts coated witii 125 
a layer according to a prior mctiiod where 
the necessary amount of carbon for tiie 
carbide formation is added mainly by means 
of gaseous hydrocarbon, and known un- 
coaied inserts. j^q 
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Example 2 

Turning of carbon steel having a C-conicnt of ]% by weight. Tool wear after a 
predelermined cutting tinic at given constant cuuing conditions. 

Flank wear respectively cratering 

Flank wear Crater depth Time 



5 Hard metal grade 



(1) (with layer (B) produced 
according to the invention) 

(2) 
(3) 

10 (1) funcoated) 

(1) (with non-uniform layer) 



In several different operations demanding 
high toughness the coated (1) inserts showed 
the same strength as the corresponding un- 
15 coated inserts and corresponding inserts of 
grade (1) coated with a nou-untform layer. 
Cutting data 



0.09 mm 
0^0 mm 

OJO mm 
0.^7 mm 
O.SO mm 



<5 /im 
56 fim 
1 ;im 
318 /im 
283 pxa 



15 min. 
15 min. 
15 min. 
15 min. 
15 min. 



Cutting data (continued) 



20 



Cutting depth: 
Entering angle: 
Material : 



120 m/min. 
0.30 mm /rev. 



Cutting speed: 
Feed: 

Composition in % by weight of the hard metal: 
Grade Co Ni Mo TiC 



2.0 mm. 
75\ 

Carbon steel, make **Sand- 
vik'' 17C (l«c by weight 
C). 25 



TaC NbC Cr,C, WC 



30 



35 



40 



45 



50 



55 



(1) 
(2) 
(3) 



9^ 
9.5 



10 



11.9 

19 

60 



6 

12.2 
3 



4 

3.8 
2 



rest 
rest 
rest 



From this Example it is thus clear that the 
resistance of flank wear has in broad outline 
increased 10 times by applying the improved 
carbide surface layer, and that an enormous 
increase of the cratering resistance has taken 
place. , , _ 

It can further be sUtcd that mserts of 
grade Tl). with maintained toughness, coated 
according to the invention, have reached the 
same wear-res>istance as corresponding tools 
in the extremely wear-resistant but at the 
same time considerably less tenacious grade 
(3). 

WHAT WE CLAIM IS: — 

1. A method of coaling a sintered hard 
metal body (A) containing one or more of 
WC MoC CiC and optionally one or more 
of TiC TaC NbC VC ZrC. HfC bound 
with one or more of Co, Ni, Fe, Cr. the 
method comprising coating the said body 
(A) with a carbide layer (B) chosen from 
titanium carbide, niobium carbide, tantalum 
carbide, zirconium carbide, hafnium carbide, 
vanadium carbide and tungsten carbide, the 
said laver (B) being formed on the said 
body (A) by conducting a gas at elevated 
temperature over the body (A), the said gas 
containing (i) one or more gaseous metal 
compounds corresponding to the composi- 



tion of the carbide layer (B) required and (ii) 60 
a coiiient of carbon which is less than the 
amount required for carbide formation. 

2. Method according to Claim 1, where- 
in tlic said body (A) also contains one or 
more of the borides. silicidcs and/ or nitrides 65 
of the metals W. Ti, Ta, Mb. Mo. Cr, V. Zr, 

Hf, Co. Ni, Fe. 

3. Method according to Claim 1 or 
Claim 2. wherein the said content of carbon 

(ii) is provided by hydrocarbon. 70 

4. Method according to any preceding 
claim, wherein some of the carbon required 
for the formation of the carbide layer (B) 
is derived from the surface of the carbide 
body fA). . 75 

5. Method according to any preceding 
claim, wherein the said gas has a composi- 
tion such that at most 40 percent of the 
carix)n required for formation of the carbide 
layer (B) is derived from the said gas, 80 

6. Method according to Gaim 5. wherein 
the said gas has a composition such that at 
most 20 percent of the carbon re<^uired for 
formation of the carbide layer (B) is derived 
from the said gas. 85 

7. Method according to any preceding 
Qaim. wherein the said gas comprises metal 
halide. hydrogen and hydrocarbon. 

8. Method according to Claim 7, where- 
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in the said gas contains no more than one 
percent by volume of hydrocarbon. 

9. Method according to Claim 8. where- 
in the said gas contains no more than 0^ 
percent by volume of hydrocarbon. 

10. Method according to any one of 
Claims 7 to 9, wherein the amount by volume 
of metal halidc in the said gas is 0.01 to 
0.04 of the amount by volume of hydrogen 
in the said gas. 



11. Method according to Claim 1 sub- 
stantially as herein described and excmoii- 
fied. ^ 

MEWBURN ELLIS & CO., 
Chanered Patent Agents. 
70—72 Cbancery Lane. 
London. W.C.2. 
Agents for the Applicants. 
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